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SOME INVESTIGATIONS OF THE GENERAL INSTABILITY 

03" STIFFENED METAL CYLINDERS 

III - CONTINUATION OF TESTS OF WIRE- BRACED SPECIMENS 

AND PRELIMINARY TESTS OF SHEET -COVERED SPECIMENS 

Guggenheim Aeronautical Laboratory- 
California Institute of Technology 



This is the third of a series of reports 
covering an investigation of the general 
instability problem by the California 
Institute of Technology. The firBt five 
reports of this series cover investiga- 
tions of the general instability problem 
under the loading conditions of pure bend- 
ing and were prepared under the sponsor- 
ship of the Civil Aeronautics Ad minis tra-^ - " 
tion. The succeeding reports of this 
series cover the work done on other loadr 
ing conditions under the sponsorship of 
the, National Advisory Committee for 
Aeronautics. 

INTRODUCTION 



This report is concerned primarily with the continua- 
tion of the tests of wire-braced specimens (references 1 
and 2) » and preliminary tests of sheet-covered specimens 
that had been made in the experimental, investigation on 
the problem of the general instability of stiff ened" metal 
cylinders at the C.I»T. Tests have been completed on the 
first series of specimens. These specimens irere con-' 
structed, using*. one size of -frame and longitudinal and 
were given torsional stiffness by a wire" network. A 
discussion of thi.s type of specimen is given in appendix 
B of the second report of this seri es. -( refer ence 2). In 
this set of specimens longitudinal spacing was varied 
from 2.53 inches to 10.12 inches and the frame' spacing~~wa~s 
varied from 2 inches to 32 inches. 
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In addition to. the previous, set of specimens, four 
cylinders with the same size frame and longitudinal and 
covered with 0 . 010- inch- thick 17S-T dural sheet have "been 
tested. A tentat ive ■ correlat ion parameter has been found 
and is discussed more fully in the "body of the report. 



EXPERIMENTAL INVESTIGATION 03" WIRE-BRACED SPECIMENS 



Details of the specimens and of the testing procedure 
are given in reference 2. Table I gives the complete set 
of specimens which have been tested and gives the number 
of frames and longitudinals in each specimen and the 
failing-bending moments. Specimens 1 to 15 were discussed 
in reference 2, while this report presents the data gath- 
ered from the tests of specimens 16 to 24. 

Tables II, III, and IV give the section properties 
and the failing bending moments for the specimens having 
various frame spacings and 2.53-, 5.06- , and 10. 12- inch 
longitudinal spacings, respectively. These data are 
plotted in figure 1, showing the failing-bending moment 
as a function of frame spacing. for each of the longitu- 
dinal spacings tested. These three curves indicate clearly 
that the effect of changing the fram-e spacing' is reduced 
as the frame spacing becomes larger. Since there are no 
discontinuities or sudden changes of slope in the curves, 
it is concluded that essentially the same type of failure 
took place in all of- the specimens tested. This was borne 
out by the observations during the tests, since only one 
specimen - 21, which had a 5. 06-inch longitudinal spacing 
and a 32- inch frame spacing - Bhowed any tendency toward 
the panel-type of failure. All other failures were of 
the general instability type in which both longitudinals 
and frames showed marked deflections at failure. 

An item of interest is the compression stress in the 
most highly loaded longitudinal when the cylinder is sub- 
jected to the failing bending moment. ThiB has been cal- 
culated and is shown plotted in figure 2 against tire frame 
spacing. This set of curves indicates that the. critical 
longitudinal stress is not a simple function of the longi- 
tudinal spacing, but reaches a maximum for some spacing 
between 2.53 and 10.12 inches for frame spacings greater 
than 2 inches. However, at a frame spacing of 2 inches 
it is seen that the curves cross and the 10.12-inch longi- 
tudinal spacing gives the maximum value for the critical 
stress. 
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The work of Dschou, which was discussed in reference 1, 
indicated that the critical stress was a linear function 

of the parameter '/iglf/bd. The experimentally determined 

critical stresses have been plotted in figure 3 against 
this parameter, and it is immediately evident that a lin- 
ear relationship does not hold. Figures 2 and 3 indicate 
that further study is necessary in order to determine the 
dependence of the critical longitudinal stress on the 
physical constants of the test specimen. 

In order to obtain some measure of the efficiency of 
the various frame and longitudinal combinations, a moment- 
weight ratio was calculated for each specimen. The results 
of this calculation are shown in- figure 4, and they indi- 
cate that the specimens with 2.53- and 5.06-inch longitu- 
dinal spacings have the same structural efficiency; how- 
ever, the maximum value occurs for different frame spacings 
in the two series. The series with the 10.12-inch longi- 
tudinal spacing falls considerably below the other two 
curves and it does not appear that specimens with this 
spacing of longitudinals could ever be made as efficient 
as those with the smaller longitudinal spacings. 

The maximum radial deflections as a function of the 
applied bending moments are plotted in figures 5 and 6. 
These two figures are similar to figure 54 (reference 2) 
on which were plotted the data for specimens with a longi- 
tudinal spacing of 2.53 inches. The shape. of these curves 
indicated that it might be possible to apply the Southwell 
method of determining the asymptotic value of the maximum 
bending moment. In this method, 6 is plotted against 
6/m and the inverse slope of the resulting straight line 
is equal to the horizontal asymptote of the M against 
the 6 curve. This method was tried in several cases and 
was found to give a value for the horizontal asymptote 
somewhat higher than that obtained experimentally. In 
most cases the experimental value of the failing bending 
moment was between 80 and 90 percent of the value obtained 
by using the Southwell method. 



EXPERIMENTAL INVESTIGATION Off SHEET- COVEBED SPECIMENS 



Before additional tests on wire-braced specimens were 
made, it was decided to test a limited number of sheet- 
covered specimens in order to determine whether a correla- 
tion could be obtained between the failing bonding moments 
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on the two types of structure. . In other words, it wa 8 
desired to know whether it 'would be possible to predict 
the failing bending moment of a .sheet-covered specimen 
from t"he results obtained in testing a similar specimen 
without . sheet covering, but which was wire-braced. 

To date, four specimens having the same type longitu- 
dinals and frames as those used in specimens 1 to 24 and 
covered with 0 . 010- inch-thick 17S-T dural sheet have been 
tested. Table V gives the properties and failing bending 
moments of these specimens and figure 7 shows the varia- 
tion in failing bending moment with frame spacing as 
compared to that obtained in the representative wire-braced 
specimens. It is interesting to note that there is almost 
a constant multiplying factor between the two critical 
bending moments on specimens with the same 'frame spacing. 
The correct significance of this factor is one of the 
problems which is now being investigated from the theoret- 
ical standpoint - 



NORMAL EE ST SAINT COEITICIENT 



During the testing of both the wire-braced and the 
sheet- cover ed specimens, it was observed that the resist- 
ance of the specimen to any externally applied radial load 
became less and less as the bending moment on the specimen 
was increased. It was therefore decided to make accurate 
measurements of this property of the specimen in order to 
determine whether it might be connected in some manner 
with the ultimate strength of the structure. 

In order to measure this resistance to radial deforma- 
tion, weights were hung at the center of the lowest (com- 
pression) longitudinal, and the radial deflection (6) was 
measured at the weight attachment point . This was done 
with the specimen in the unloaded state and also for various 
values of increasing bending moment. A typical series of 
results is shown in figure. 8. This family of curves indi- 
cates clearly that the resistance to any radial load de- 
creases as the applied bending moment on the structure 
increases. . 

Similar sets of curves have been taken for a number 
of the specimens tne-sted, and the r.eeults have all been 
plotted as shown by a typical curve in figure 9. In this 
curve, the slopes of the P against the 8 .curves have 
been plott.ed as ordinates and the applied bending moments 



NACA Technical Hote So. 907 



5 



as abscissas. All of the curves which have "been investi- 
gated to - date show a nearly " 1 inear relationship between 
P/6 and a bending moment up to approximately 70 to 75 
percent of the failing bending moment. Beyond this point, 
the linear relationship no longer holds, the p/6 values 
falling rapidly as the failing bending moment is approached. 

Further investigations showed that the value of p/S 
was directly connected with the ultimate load which could 
be carried by the structure. This is strikingly shown by 
figure 10 in which the failing bending moment for a number 
of specimens has-been plotted against the respective p/6 
values, the specimens being in the unloaded state. As is 
indicated in this figure, six wire-braced and four sheet- 
covered specimens have been tested and no specimen varies 
more than 8 percent from the mean straight line. Table VI 
gives the details of the specimens considered in figure 10. 

It is felt that the discovery of the relationship 
indicated in figure 10 may greatly affect future methods 
of analysis and design of structures subject to a general 
instability ■ type of failure* The first item of importance 
is the fact that the radial stiffness of a stiffened cyl- 
inder is in some way a measure of the ultimate bending 
moment which such a structure can support. Secondly, it 
may be possible to test simple wire-braced specimens and 
extrapolate the results. to more expensive sheet- cover ed 
structures. Furthermore, if the results of figure 10 are 
found to be general in nature, the tests can be made with- 
out applying any load to the structure ' other than those 
loads necessary to obtain the p/8 values. 

If the above principles are substantiated by further 
investigation, testing of existing structures will be com- 
paratively easy; however, the results as yet yield no 
method of calculating the allowable bending moment for 
proposed designs. For this purpose, it will be necessary 
to determine the parameters which fix the value of the 
restraint coefficient for any structure. 

All specimens so far tested have failed by a general 
instability type of buckling. For these specimens, it 
appears that it is immaterial whether the normal restraint 
coefficient is measured at a frame-longitudinal joint or 
at some point on the longitudinal between two frames. It 
is believed that this will not be the case in structures 
which are subject to a panel-instability type of failure, 
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and- such a result may lead to a method of determining the 
type of failure to which a particular structure i8 subject 

Guggenheim Aeronautical Laboratory! 

California Institute of Technology, 
Pasadena, . Cal if . , July 1939. 



REFERENCES ' 



1. Guggenheim Aeronautical Laboratory, California Insti- 

tute of Technology! Some Investigations of the 
General Instability of Stiffened Metal Cylinders. 

I - Review of Theory and Bibliography. T.N. No. 
905, MAC A, 1943. 

2. Guggenheim Aeronautical Laboratory, California Insti- 

tute of Technology; Some Investigations of the 
General Instability of Stiffened Metal Cylinders. 

II - Preliminary Tests of Tire-Braced Specimens 
and Theoretical Studies. T.N. No. 906, NACA, 1943. 



Tnblo I. 



Hqwrilta Bata -Ktl 
foxo Biding Too to of Longitudinal •» f»m Combination* 

Without Sho oA CoTaring 
All Longitudinal* ^ All Trim* T t 



Spooimon 
■o. 


•pacing 


lo. 


Spaolngyfro. 


Tailing 
Momont - Its 


Dooorlptioa 
of TMt 






1.51" 


40 


4* 


16 


33,100 


lo oiro braelng 


longitudinal* fallod in elroamforoatlal dlrootioa 








* 


* 


90,000 


Tiro br»oing 


Longitudinal* fallod in radial diroofcioa 
l/t ooaploto longth of t\ nlmon. 








■ 


• 


87 #000 


Wlro braolng 


oo » j ■ * j« j * ^ . ... _ . _ m ao a 

Oonoral inotoblllty mm as apoolnoa lo* *■ 


• 4 


- 


- 


8" 


7 


60,800 


Wiro bracing 


Oon. loot, l/t ww ooaploto lomgtb of tpoolaotu 








1«* 


3 


48,000 


Wiro binoing 


Son. inot., howrror, opooiaon looted lite ooabiaatien 
of aoall waroo botooou fr— n and ono long l/t oo.ro. 








31" 


Z 


40,000 


■in braolng 


Similar to opooiaon 8. Oonoral Inotmbilltjr. 








51* 


1 


96,100 


Wiro braolng 


IpoolMoo otartod to fall botooou fmaos, howvor, 
ao doflootion laoroaood, framo failod, 










0 


18,000 


lira braolng 


Long, fallod in ono long l/t aaro in rad. dlrootioa. 








r» 


51 


60,000 


lo wiro braolng 


Longitudinalo fallod in oiroonforontial dixootlou. 


10 






2" 


sT" 


90,000 


Bomo vlro bmeiag 


Bottom longitudinal fallod partly in radial diroo- 
ticn ond partly in oixoaaforontiil. 


11 






1" 


91 


101,000 


Rlro braolng 


fatlo^fla^ro^^U^t^*" 41 ^ 


u 






t" 


91 


114,000 


ftro braolng 


Oonoral inotability, ono long half aaro 
longitudinalo fallod la radial dirootion. 


IS 


6.08" 


10 




31 


66,000 


firm braolng 


Oon. inot., longth of eooklo oat loao tton longtti 
of opooiaon, abort IS froaoo follod. 



Total longth of opooiaon, diotmoo botooon oupporto. 



Table I oant. 
Experimental Data • Brt I 



Speoi&tn 
Ha, 


Longitudinal 


Frane 


Tailing 
Moment - lbs 


Description 
. of lest 


Remarks 


Spacing 


Ho. 


Spacing 


Ho. 


14 


10.121 


10 


2" 


91 


33,000 


Wire bracing 


(tan. Inst., ana to arte , and half complete waves in 
length-wise direction. 


iB 


10.12B 


16 


2 1 


si 


31,500 


Wire braoing 


General instability, ana md half mve* in length- 
in, uireo&icn. 


16 


10.12A 


10 


4" 


16 


26,600 


Wire 'braoing 
4" Frtot'xXB" 

Stiff, 


General instability, one and half mm* in length- 
wise diraoticn. 


17 


10.12B 


10 




16 


' 26,600 


Wire braoing 


General instability. Sereral saves. 


18 


6.06 


20 


*» ' 


16 


56,000 


Wira braoing 
4"F x 2.5"Ttiff. 


amoral Instability. 


19 


5.06 


20 




7 


43,800 


6"F x 8" Stiff. 




20 


6.06 


20 


16" 


3 


31,000 


lira braoing 
5"F X 8* 8«ff . 




21 


6.06 


20 


52" 


2 


22,300 


6"P x 8" Stiff. 


Panel instability. Only slight defoliation of 
frsnsB. 


22 


6.06 


20 


52" 


1 


21,000 






23 


10. iz* 


10 




7 


19,000 


6"? x 8" Stiff, 


General instability, l/Z save. 


24 


10.12A 


10 


16" 


3 


14.600 


10"F x 16" Stiff. 


General Instability. 1/2 art, 



8 



A - Single longitudinal at naxtwum stress. B - Two longitudinals equal distance from 



CD 



o 



labia II. 

The Effect of Changing the Frame Spacing on 
the Banding Strength of the Cylinders 



HO- 


Longitudinal 


Fran* 


Mamanb 
B.U. 
in-lba. 


lfc ■ lull llll 

Coapr. 

»4rf Ml 
■ lM "lli 

at 
Failure 


Trpm of Failure 


type 


Area 

^In* 


Hon. of 1 
Inertia 


Spec, 
b iiii 




Type 


Are* 


Mom. of 
inertia 

IfKlO 6 


Spec, 


So. of 
fru>M 
In 64* 


I* * 
d 


12 


h. 


.0324 


5.74 


2. 53 


1.47B 


F 5 


.0291 


1.537 


2 


31 


7.690 


114,000 


11,160 


General Instability 


2 


a 






• 


a 


n 






4 


15 


3.845 


' 90*000 


8,810 


a a 


5 


■ 






H 


H 


■ 






4 


15 


it 


87,000 


8,500 


a a 


4 


■ 






N 


II 


a 






8 


7 


1,928 


60,800 


6,950 


a a 


5 


n 






0 


■ 


"ar— ' 






16 


g 


0. 962 


49,000 


4,600 


Bsarly panel instability 


6 


u 






H 


a 


n 






32 


2 


0,481 


40,000 


3,910 


learly panel instability 


7 








M 










52 


1 


U.H1 | 30, aw 


5,555 


General instability 



O 



-3 



Monant of in art la of complete epeoiaen " I fl p - 161.0 

a 

Badiua to ©enter of stiff ener R - 16.76* 



an 



ffumber of atiffanara - 40 

Till — T) 



inr . ic va 

J — * ■ .0979 x BaT 

161.0 



Length of apeoiaam - 64". 



labia III. 

Bg Effsot of Changing tba Frana fipaolng on 
tha Biding Strength of Cyltodars 

Longitudinal Spading ■ 5.06" 



Spao. 
Wo. 






Failing 
Monant 

B.M. 
In-lba. 


Conpr. 
straw 

at 
Failura 




Araa 


Mom. of 
inartla 


3pao» 
* Ins 


TT 




ATM. 

*f in* 


Hen. of 
inartia 
IfOdO 6 


Spao. 
4 ina 


HO. Of 

fraasa 
in 64" 




IS 


«1 


.0824 


3.74 


5.06 


,739 




.0291 


1.537 


2" 


31 


7.690 


66,000 


12,729 


IB 


H 








M 


M 






4» 


16 


3.846 




10,771 


19 


















8" 


7 


1.923 


43,800 


8,577 


20 




















3 


0.962 


31,000 


6,071 


21 


* 








M 


H 






32" 


2 


0.481 


22,300 


4,367 


22 


















32* 


1 


0.481 


21,000 


4,112 



Mount of inartia of ooraplrta apaoiman - 1^ - 80.48 
Hadiui to oantor of longitudinals S ■ 16. 76* 
Hurabor of longitudinals ■ 20 
Length of speoimsQ - 64" 



I- 1 
to 



Sable IV. 

Bio Effect of Changing the Frame Spacing cn 
the Banding Strength of Cylinders 

~~ Longitudinal Spacing - 10.12" 



Spas. 


Longitudinal 


Frame 


Failing 
Moment 
B.M. 
in-lbo. 


MHHiTW7ffl 

Compr. 
atraia 

at 
Failure 

Ocr 


No. 




Area 

A, to 2 


More, of 
inertia 
IbIIO 4 ^ 


Spao. 
d lna 




Typ* 


Area 

A f in 2 


San. of 
inertia 

7-fXlO 5 ^ 


Spao. 
d lna 


Ho. of 
frames 

in 64" 


* xlO 6 
d 


14 


h 


"0324 


3.74 


10.12* 


,370 


F 6 


.0291 


1.537 


2" 


31 


7.690 


33,000 


12,926 A 


15 


n 


M 




10.121 


n 


n 


n 


■ 


2" 


31 


7.690 


51,500 


9,406b 


16 


n 


n 




10.12* 


■ 


> 


H 


n 


4" 


16 


3.846 


26,600 


10,380 a 


17 


n 


■ 




10.121 


a 


a 


■ 


n 


4" 


16 


3.845 


26,600 


7,614 B 


23 


a 






.10.12* 




H 


* 


■ 


8" 


7 


1.923 


19,000 


7,442 A 


24 


u 


m 




10.121 


■ 


a 


a 


■ 


16" 


3 


0.962 


14,500 


5,680 A 



I 

if 



p. 

a> 

I 5 



A - Single longitudinal at maximum atroas, 

i 

A — Moment of inertia of complete specimen " I gp - 40.24 in. 
T * 8 (Distance to extreme fiber.) 

Radius to oenter of longitudinal! - R - 15.76" 
ltumber of longitudinals ■ 10 



B - Two longitudinals equal distance from ^ 

B - Moment of inertia of complete specimen 

4 



- I- 8p - 50.19 in. 



T - 15.0" 



Lang-tii of specimen ■ 64" 



Table V. 



Bfep+rlmwrbal Put* - 8ot 2 
Purs Bonding Tests of Longitudinal - Prane Combinations 
Without Shoot C OTP ring 



Sp*o. 
■o. 


longitudinal 




Sheet 


Failing 
Hbnaat 
B. M«p^ 

in-lba. 


Type of Failure 


Type 


.Area 
A, in* 


Man. of 
inertia 


Spa*. 

"b 

Inc. 




A f In* 


Mom. of 
Inertia 


8peo. 

a 

ins. 


Thlotaess 

t 

Ins. 


26 




.0324 


3.74 


2.63 




.0291 


1.637 


8 


.010 


220,000 


General instability 

l/2 nars in length of spee. 


26 


H 


« 


M 


a 


* 


« 


* 


4 


M 


274,000 


Gansral instability 

1 «m in length of spee. 


<7 


« 


n 


n 


n 




H 


n 


2 


■ 


369,000 


Omoral instability 

1 mn in length of spee. 


28 




n 


n 


ii 


N 


a 


H 


19 


a 


168,500 


General instability 
Sear panel typo. 



ill Material 17S-T 

Radius to cantor of longitudinal " 15.76" 

Huaiber of longitudinal ■ 40 

Length of spooimen " 64" 



14 



NACA Technical Note No. 90? 



TAB LB 71 
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